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ABSTRACT 


The  effects  of  exercise  plus  environmental  temperatures  was 
studied  using  six  human  subjects,  24  to  34  years  of  age.  Subjects 
exercised  for  twenty  minutes  at  seventy-five  per  cent  of  their 
individual  MVO^  under  three  different  environmental  temperatures  on 
three  different  occasions.  The  temperatures  used  were  4,  21,  and 

40  degrees  C.  Blood  glucose,  plasma  total  fatty  acid,  plasma  lactic 

•  • 

acid,  VO^,  Ve,  and  H.R.  were  measured  at  rest,  and  after  two,  seven, 
and  twenty  minutes  of  bicycle  ergometer  exercise.  Exercise  had  no 
significant  effects  on  blood  glucose  concentration  and  on  total  plasma 

fatty  acid  level.  There  was  a  marked  effect  (p <  0.01)  on  plasma 

•  • 

lactate  level,  VO^,  Ve,  and  H.R.  Environmental  temperature  during 

exercise  had  no  significant  effects  on  blood  glucose  concentration, 

•  • 

total  plasma  fatty  acid  level,  plasma  lactate  level,  VO^  and  Ve. 
However,  when  VO^  was  expressed  per  kilogram  of  body  weight  there  was 
a  significant  (p<0.1)  difference  between  cold  results  and  the  two 
other  temperatures.  Oxygen  consumption  per  kilogram  was  higher  under 
cold  environmental  temperature.  Heart  rate  was  also  higher  (p<  0.05) 
during  exercise  at  40  degrees  C. 
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CHAPTER  I 


INTRODUCTION 

The  energy  expended  during  increased  metabolic  activity  of 
tissues  may  be  derived  from  carbohydrates,  lipids  or  proteins,  as 
well  as  from  the  intermediary  products  of  their  breakdown  (61) .  The 
choice  of  a  certain  energy  substrate  is  determined  not  only  by  the 
actual  content  of  a  given  nutrient  in  the  organism,  but  also  by  the 
conditions  and  possibilities  of  their  mobilization  and  utilization 
(68). 

It  is  well  known  that  both  plasma  glucose  and  free  fatty 
acid  (FFA)  play  an  important  role  in  energy  metabolism  (8,  18,  21, 

22,  25,  38,  37,  44,  53,  54).  These  two  major  energy  sources  are 
mobilized  from  glycogen  and  fat  depots.  Glucose  is  stored  in 
limited  quantities  as  glycogen  in  the  liver  and  muscles  (31,  43,  47). 
Fat,  in  the  form  of  triglycerides,  is  stored  primarily  in  adipose 
tissues,  in  the  splanchnic  area  and,  to  some  extent,  in  and  around 
muscles  (19,  43,  47) .  Glucose  and  FFA  are  mobilized  from  these 
energy  depots  via  the  circulatory  system  (44) . 

The  mobilization  of  various  energy  sources  may  be  affected 
by  different  endogenous  and  exogenous  factors.  Exercise  and 
environmental  temperature  are  two  exogenous  causes  which  may  alter, 
quantitatively  and/or  qualitatively,  this  mobilization.  These  two 
exogenous  causes  are  important  because  they  represent  two  metabolic 
stresses  under  which  men  have  to  perform  (1,  5,  9,  13,  17,  24,  29, 
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39,  40,  42,  55,  56,  57,  78)  . 

Statement  of  the  Problem 

The  problem  was  to  find  how  the  body  reacts  during  exercise, 
under  various  environmental  temperatures,  by  measuring  the  alterations 
of  the  following  physiological  parameters: 

1.  the  blood  glucose  concentration 

2.  the  percentage  of  total  saturated  fatty  acid 
versus  total  unsaturated  fatty  acid  in  plasma 

3.  the  plasma  lactic  acid  concentration 

4.  the  oxygen  consumption  (VO^) 

5.  the  minute  ventilation  (Ve) 

6.  the  heart  rate  (H.R.) 

Justification  of  the  Study 

Our  country  is  one  where  we  see  four  seasons  in  succession. 
In  a  given  year  the  environmental  temperature  fluctuation  can  be 
from  40  degrees  C  below  zero  in  winter  to  40  degrees  C  above  zero 
in  summer  time.  A  jogger  who  enjoys  exercise  outside,  exposes  his 
body  to  this  environmental  temperature  range.  It  is  important  to 
know  how  the  body  reacts  to  combined  exercise  and  temperature 


stresses. 
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Delimitations  of  the  Study 

The  design  of  this  study  was  delimited  to: 

1.  six  volunteers,  physical  education  students, 
at  the  University  of  Alberta. 

2.  an  exercise  for  twenty  minutes  at  seventy-five 
per  cent  maximal  oxygen  consumption  (MVO^) 

on  an  ergometer  bicycle. 

3.  the  following  temperatures  and  relative  humidities 

a)  4  degrees  C  and  82.5%  relative  humidity 
in  the  cold  room. 

b)  21  degrees  C  and  24.2%  relative  humidity 
in  the  laboratory  room. 

c)  40  degrees  C  and  19.9%  relative  humidity 
in  the  sauna  room. 

Definition  of  Terms 

In  order  to  avoid  misunderstanding,  the  following  terms 
were  defined: 

Anova:  The  statistical  technique  of  analysis  of  variance. 

Acclimatization:  Pertaining  to  certain  physiological 

adjustments  brought  about  through  continued  exposure  to  a  different 
climate,  e.g.,  changes  in  altitude  and  temperature. 

Acid:  A  chemical  compound  that  gives  up  hydrogen  ions  (H+) 


in  solution. 
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Aerobic:  In  the  presence  of  oxygen. 

Ambient  temperature:  Pertaining  to  the  surrounding 
environment.  The  degree  of  sensible  heat  or  cold. 

Anaerobic:  In  the  absence  of  oxygen. 

Barometric  pressure  (P„) :  The  force  per  unit  area  exerted 

B 

by  the  earth's  atmosphere.  At  sea  level,  it  is  760  millimeters  of 
mercury  (mm  Hg) . 

Carbohydrate:  Any  of  a  group  of  chemical  compounds, 

including  sugars,  starches,  and  cellulose,  containing  carbon,  hydrogen, 
and  oxygen  only.  One  of  the  basic  foodstuffs. 

Douglas  bag:  A  rubber-lined,  canvas  bag  used  for  collection 
of  expired  gas. 

Dry  bulb  thermometer:  A  common  thermometer  used  to  record 
temperature  of  the  air. 

Ergometer :  An  apparatus  or  device,  such  as  a  treadmill  or 

stationary  bicycle,  used  for  measuring  the  physiological  effects  of 
exercise . 

Fat:  A  compound  containing  glycerol  and  fatty  acids.  One 
of  the  basic  foodstuffs. 

Fatty  acid:  Fatty  acids  are  the  building  blocks  of  several 
classes  of  lipids.  The  sources  of  fatty  acids  are  intracellular 
(tissue  stores)  as  well  as  extracellular  (supplied  via  the  vascular 
system) .  The  fatty  acids  are  stored  in  the  cell  and  must  be 
mobilized  and  transported  across  the  mitochondrial  membrane.  Once 
inside  the  mitochondrial  membrane,  the  fatty  acid  is  available  to  the 


' 
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enzymes  of  fatty  acid  oxidation,  which  are  located  on  the  mitochondrial 
membranes . 

Glycolysis :  The  incomplete  chemical  breakdown  of  glycogen. 

In  aerobic  glycolysis,  the  end  product  is  pyruvic  acid;  in  anaerobic 
glycolysis,  the  end  product  is  lactic  acid. 

Lactic  acid:  In  the  absence  of  oxygen  glycolysis  can 
continue  and  the  end  product  is  lactic  acid  rather  than  pyruvic  acid. 
This  system  of  nonoxidative  glucose  metabolism  is  referred  to  as  the 
anaerobic  phase  of  glycolysis. 

Lipolysis :  The  process  of  mobilization  of  fatty  acids  from 

adipose  tissues  which  increase  the  concentration  of  plasma  fatty  acid 
and  glycerol . 

Maximum  oxygen  consumption  (MVO^) :  The  maximum  oxygen 
consumption  is  the  maximal  volume  of  oxygen  (at  0°C,  760  mm  Hg,  dry) 
extracted  from  the  inspired  air,  usually  expressed  in  liters  per 
minute  (MVO^) . 

•  ^ 

Minute  ventilation  (Ve) :  The  volume  of  air  (at  0  C, 

760  mm  Hg,  dry)  expired  during  one  minute,  usually  expressed  in  liters 
per  minute. 

Plasma  free  fatty  acid  (FFA) :  A  quantity  of  fatty  acids  is 
always  present  in  the  blood  combined  with  the  albumin  of  the  plasma 
proteins.  The  fatty  acid  bound  with  proteins  in  this  manner  is  called 
free  fatty  acid  (FFA)  or  nonesterif ied  fatty  acid  (NEFA) . 

Plasma  glucose:  A  monosaccharide  of  importance  found  in  the 


blood.  The  most  common  form  of  carbohydrate  substrate  used  by  the  body. 
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Relative  humidity:  Ratio  of  water  vapor  in  the  atmosphere 
to  the  amount  of  water  vapor  required  to  saturate  the  atmosphere  at 
the  same  temperature. 

Saturated  fatty  acid:  A  fatty  acid  which  does  not  have  a 
double  bond. 

Unsaturated  fatty  acid:  When  a  fatty  acid  molecule  contains 
a  double  bond,  it  is  said  to  be  unsaturated. 

Wet  bulb  thermometer:  An  ordinary  thermometer  with  a  wetted 
wick  wrapped  around  the  bulb.  The  wet  bulb's  temperature  is  related 
to  the  amount  of  moisture  in  the  air.  When  the  wet  bulb  and  dry  bulb 
temperatures  are  equal,  the  air  is  completely  saturated  with  water  and 
the  relative  humidity  is  equal  to  100  per  cent. 


CHAPTER  II 


REVIEW  OF  RELATED  LITERATURE 

The  Effects  of  Exercise 

1.  Glucose 

Klachko  et  al.  (45)  studied  the  effect  of  low  intensity 
exercise  on  blood  glucose  level.  Twenty-eight  human  subjects,  aged 
18  to  48  years,  exercised  on  a  treadmill,  walking  half-mile  walks 
at  4  mph,  one  on  a  2.5°  slope  and  two  on  a  5°  slope.  At  2.5°  slope 
the  pre-exercise  blood  glucose  level  was  82.1  mg/100  ml  and  after 
the  walk  the  group  showed  a  modest  decrease  of  5.3  mg/100  ml  in  glucose 
concentration.  On  the  5°  slope  the  decrement  in  glucose  doubled  with 
a  mean  decline  of  11.7  mg/100  ml. 

Pruett  (58)  in  an  experiment  where  nine  healthy  young  men, 

22  to  33  years  of  age,  exercised  at  three  different  intensity  levels, 
added  further  information  on  blood  glucose  concentration  after 
exercise.  Under  a  standard  diet,  at  twenty  per  cent  of  their  MVO  , 
there  was  a  statistically  significant  (p <  0.02)  fall  in  the  blood 
glucose  concentration  from  the  pre-exercise  level.  The  reduction  was 
from  96.2  to  90.6  mg/100  ml.  At  an  intensity  of  fifty  per  cent  of 
the  subjects 'MVO^  there  was  a  statistically  significant  (p <  0.001) 
fall  in  blood  glucose  levels  (96.2  to  62  mg/100  ml).  A  similar 
average  fall  in  blood  glucose  level  also  occurred  when  the  subjects 
worked  at  a  load  representing  seventy  per  cent  of  their  MVO^ 

(96.2  to  62.5  mg/100  ml). 
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However,  Hermansen  et  al .  (26)  found  the  glucose  concentration 
stable  at  work  loads  averaging  seventy-seven  per  cent  of  the  subjects' 
individual  maximal  aerobic  power.  Two  groups  (trained  and  untrained) 
of  ten  healthy  male  subjects  worked  to  complete  exhaustion  on  a  bicycle 
ergometer.  Before  work,  the  mean  blood  glucose  concentration  was 
93  mg/100  ml  in  the  untrained  and  87  mg/100  ml  of  blood  in  the  trained 
group.  At  the  end  of  twenty  minutes  of  exercise  it  dropped  to  83  and 
82  mg/100  ml  respectively,  and  remained  at  almost  constant  level  until 
exhaustion. 

Research  by  the  same  author  showed  that  exercise  near  the 
MVO^  increased  the  mean  blood  glucose  concentration  (27) .  Five 
healthy  subjects  ran  on  a  treadmill  at  their  greatest  possible  speed 
for  five  one  minute  bouts.  Each  exercise  period  was  followed  by  a 
four  minute  rest  period.  Hermansen  et  al.  (27)  found  that  the  mean 
blood  glucose  increased  from  90  mg/100  ml  at  rest  to  170  mg/100  ml 
immediately  following  the  fifth  work  bout. 

In  the  light  of  the  preceding  reports,  we  can  presume  that 
blood  glucose  concentration  level  depends  on  the  severity  of  the  work 
load  and  the  major  food  fuel  is  glucose  when  the  predominant  pathway 
is  anaerobic. 

2.  Free  Fatty  Acid  (FFA) 
i)  Level 

Rodahl  et  al.  (62)  found  that  the  plasma  concentration  of 
FFA  was  stable.  Eight  men,  19  to  38  years  of  age,  participated  in 
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studies  on  the  effect  of  exercise  of  different  intensity  and  duration 
on  plasma  FFA.  At  the  end  of  intermittent  work  for  thirty  minutes  or, 
moderate  work  of  900  kpm  on  the  bicycle  ergometer  for  sixty  minutes, 
plasma  concentration  of  FFA  was  essentially  the  same  at  the  end  of  the 
work  period  as  the  pre-exercise  value. 

In  a  series  which  included  work  loads  up  to  seventy  per  cent 
of  MVO^j  Pruett  (59)  found  that  plasma  FFA  levels  increased  progressively 
during  exercise  at  all  work  loads.  The  average  pre-exercise  values 
and  the  values  at  the  end  of  exercise  for  plasma  FFA  were  0.576  and 
2.025  mEq/L  at  fifty  per  cent  MVO^  and,  0.465  and  1.515  mEq/L  at 
seventy  per  cent  MVO^. 

The  results  of  Hurter  et  al.  (32),  Vihko  et  al.  (71,  72), 
are  in  agreement  with  Pruett’s  finding  (59).  Hurter  et  al.  (32)  found 
that  the  concentration  of  FFA  rose  in  fourteen  athletes  after  a  forty-two 
kilometer  race  over  flat  ground  in  a  mean  time  of  two  hours  fifty 
minutes.  There  was  a  significant  (p  <0.001)  difference  between  the 
pre-exercise  and  post-exercise  values.  At  rest  the  FFA  concentration 
was  0.60  mEq/L  and  after  the  race  it  was  1.38  mEq/L. 

FFA  in  plasma  was  measured  at  rest  and  after  aerobic 
ergometer  work  by  Vihko  et  al.  (71)  on  sixteen  young  males,  17  to  35 
years  of  age.  The  exercise  session  consisted  of  three  separate  phases. 
Phase  I  was  six  minutes  at  1,200  kpm/min,  phase  II  consisted  of  twenty 
minutes  at  900  kpm/min  and  phase  III  was  nineteen  and  a  half  minutes 
at  900  kpm/min  followed  by  half  a  minute  at  1,500  kpm/min.  There 
was  a  rest  period  of  thirty-four  minutes  and  thirty  minutes  after  phases 
I  and  II  respectively.  The  total  plasma  FFA  concentration  was  565  uEq/L 
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before  work  and  increased  significantly  (p<  0.001)  to  802  uEq/L  after 
work. 

Using  the  same  exercise  protocol,  Vihko  et  al.  (72)  found 
a  significant  increase  in  total  FFA  after  exercise.  For  untrained 
subjects  the  rest  value  of  587  uEq/L  increased  to  886  uEq/L  after 
exercise  (p <  0.001).  Mean  trained  sub j ects ' total  plasma  FFA 
concentration  was  611  and  828  uEq/L  respectively  before  and  after 
exercise  (p<0.02). 

There  is  no  longer  any  doubt  that  the  oxidation  of  fat 
plays  a  vital  role  in  the  provision  of  energy  for  sustained  muscular 
activity.  The  plasma  FFA  level,  for  instance,  may  increase  (32,  59, 

71,  72)  during  work,  or  it  may  remain  unaltered  (62),  depending  on 
the  intensity  and  duration  of  the  exercise, 

ii)  Composition 

In  a  study  where  fourteen  athletes  ran  forty- two  kilometers, 
Hurter  et  al.  (32)  found  no  significant  changes  in  plasma  concentrations 
of  cholesterol,  phospholipid,  or  triglyceride  immediately  after  exercise. 
However,  significant  changes  were  found  after  exercise  in  the  fatty 
acid  composition  of  each  of  the  four  lipid  fractions.  In  the  FFA, 
there  was  a  reduction  in  stearate  and  an  increase  in  linoleate.  The 
percentage  distribution  of  stearic  was  15.65  at  rest  and  12.25  after 
exercise  (p<0.02).  Linoleic  accounted  for  7.96  per  cent  at  rest 

and  increased  to  9.35  per  cent  after  exercise  (p<0.05).  The 
triglyceride,  cholesterol  ester,  and  phospholipid  fractions  each 
showed  a  decrease  in  one  of  the  unsaturated  acids  (oleate  or  linoleate) , 
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with  a  corresponding  rise  in  a  saturated  acid  (palmitate  or  stearate). 

In  the  study  of  Vihko  et  al .  (71)  the  changes  in  the 
concentration  of  individual  plasma  FFA  were  significant  (p<  0.001)  in 
every  acid  studied.  The  concentration  of  individual  plasma  saturated 
FFA  increased  from  rest  to  the  end  of  exercise.  Palmitic  and  stearic 
acids  increased  respectively  from  226  and  70  uEq/L  to  311  and  82  uEq/L 
after  work.  The  same  pattern  occurred  for  the  individual  plasma 
unsaturated  FFA.  Palmitoleic,  oleic  and  linoleic  acids  increased 
respectively  from  29,  139,  and  102  uEq/L  to  55,  231,  and  126  uEq/L  after 
exercise. 

However,  the  percentages  of  individual  fatty  acid  of  the  FFA 
and  the  per  cent  of  their  contribution  to  the  total  FFA  were  not  the 
same  after  as  before  work.  The  per  cent  contribution  of  palmitoleic  and 
oleic  acids  increased  (p  <0.001)  while  it  decreased  significantly 
(p < 0.005)  for  the  other  acids. 

Vihko  et  al .  (72)  using  the  same  exercise  protocol  as  Vihko  et 
al .  (71),  found  similar  results  using  trained  and  untrained  subjects. 

For  untrained  subjects,  there  was  a  significant  increase  in  all  individual 
fatty  acids  studied.  The  values  of  221  and  64  uEq/L  at  rest  increased  to 
333  and  82  uEq/L  respectively  for  palmitic  and  stearic  acids  after  exercise. 
For  unsaturated  acids,  the  values  of  26,  132  and  103  uEq/L  at  rest  rose 
to  61,  264  and  144  uEq/L  after  work  respectively  for  palmitoleic,  oleic 
and  linoleic  acids. 

In  trained  subjects  there  was  no  significant  difference  in 
stearic  and  linoleic  acids.  However,  for  the  untrained  subjects,  there 
was  a  significant  increase  in  palmitic,  palmitoleic  and  oleic  acids. 
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The  concentration  of  238,  32  and  164  uEq/L  at  rest  rose  to  326,  61  and 
230  uEq/L  after  exercise  for  the  three  individual  plasma  fatty  acids 
respectively . 

It  seems  that  the  relative  proportions  of  the  individual 
fatty  acids  within  FFA  are  altered  during  exercise.  Each  individual 
fatty  acid  concentration  increased  after  exercise  but  the  per  cent 
contribution  of  each  does  not  follow  the  same  pattern.  Unsaturated 

acids  increased  in  proportion  whereas  saturated  acids  decreased. 

3.  Lactic  Acid 

In  their  study  on  the  effect  of  increasing  work  load  on 
blood  lactic  acid  concentration.  Wells  et  al.  (74)  used  six  human 
male  subjects  working  on  a  treadmill.  The  speed  of  the  treadmill  was 
constant  at  3.5  mph  and  the  work  load  was  increased  in  minute  intervals 
by  elevating  the  treadmill  angle.  Starting  from  a  horizontal  position, 
the  angle  was  increased  by  2%  at  the  end  of  the  first  minute  and 
thereafter  the  angle  was  increased  1%.  The  exercise  bout  was  terminated 
two  minutes  after  the  subjects  had  achieved  a  heart  rate  of  180  beats/min. 
Blood  samples  were  collected  during  exercise  at  pulse  rates  of  120,  140, 
160  and  180  beats/min  and  during  the  two  minutes  each  following  the 
latter . 

There  were  three  distinctly  different  increments  of  lactic 
acid  accumulation  in  the  blood  during  gradually  increased  work.  During 
light  exercise,  in  the  initial  eight  minutes  of  work,  pulse  rate 
increased  to  120  beats/min  and  the  lactic  acid  did  not  exceed  the 
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normal  range.  The  values  of  16.5  and  19  mg/100  ml  were  obtained  at 
rest  and  at  the  eighth  minute  of  exercise,  respectively.  During 
moderate  work,  with  pulse  rate  between  120  and  160  beats/min,  lactic 
acid  in  the  blood  accumulated  in  a  linear  relationship  with  the  increase 
of  work  intensity  up  to  a  value  of  38  mg/100  ml.  During  severe  work, 
with  a  pulse  rate  above  160  beats/min,  lactic  acid  increased  to 
100  mg/100  ml  or  more. 

The  results  of  Pruett  (59)  are  in  agreement  with  those  of 
Wells  et  al.  (74).  At  fifty  per  cent  MV0?  blood  lactate  increased 
from  8.1  to  14.5  mg/100  ml  for  pre-exercise  and  end  of  work  values, 
respectively.  At  seventy  per  cent  MVO^  the  results  were  10.6  mg/100  ml 
at  rest  and  23.6  mg/100  ml  at  the  end  of  work. 

It  appears  evident  that  lactic  acid  concentration  in  the  blood 
increased  as  the  work  load  increased. 

4.  Oxygen  consumption  (VO^) 

It  is  obvious  that  oxygen  consumption  increases  during 
exercise  (3,  6,  11,  55,  74,  76).  As  previously  mentioned.  Wells  et  al . 
(74)  tested  their  subjects  on  a  treadmill  at  a  constant  speed  increasing 
the  work  load  by  elevating  the  treadmill  angle.  Oxygen  uptake 
was  0.265  L/min  at  rest  and  increased  to  3.003  L/min  at  the  end  of  the 
work  session.  In  that  particular  study  the  oxygen  consumption  rose  to 
about  twelve  times  the  resting  value. 

Xstrand  et  al .  (3)  studied  V02  during  the  first  minutes  of 
heavy  exercise.  Muscular  work  was  performed  on  a  Krogh  bicycle 
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ergometer  by  five  subjects.  The  results  show  an  increase  in  V02 
as  the  heavy  work  proceeds  and  the  rate  of  the  increase  in  V02  varies 
with  the  work  load. 

5.  Minute  Ventilation  (Ve) 

• 

It  is  also  well  known  that  Ve  increases  with  increasing  work 
load  during  exercise.  In  their  experimental  protocol.  Wells  et  al . 

(74)  tested  subjects  over  a  wide  range  of  work  loads.  The  work  load 
was  assessed  by  measuring  the  heart  rate.  Exercise  was  done  from  a 
heart  rate  of  less  than  120  and  over  180  beats/min.  The  average 
experimental  Ve  was  6.7  L/min  at  rest  and  progressively  increased  to 
93.1  L/min  with  increasing  work  load  from  light  to  heavy  work. 

Asmussen  et  al.  (2)  and  Astrand  et  al.  (3)  found  results 
which  are  in  agreement  with  the  above  conclusions. 

6.  Heart  Rate  (H.R.) 

It  was  demonstrated  by  Wells  et  al.  (74)  that  H.R.  increased 
from  66  beats/min  at  rest  to  191  beats/min  at  the  end  of  exercise  periods 
where  work  intensity  was  increased  from  rest  to  1,500  m-kg/min.  This 
and  other  evidence  clearly  shows  that  as  work  load  increases,  so 


does  heart  rate. 
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The  Effects  of  Temperature 

1.  Glucose 

Blood  glucose  concentration  in  rats  appears  to  increase 
during  cold  exposure  whereas  exposure  to  a  warm  environment  seems 
to  result  in  no  significant  effects. 

Gilgen  et  al .  (20)  exposed  twelve  Sprague-Dawley  rats  for 
three  hours  at  4  degrees  C.  There  was  a  sixty-five  per  cent  increase 
in  plasma  levels  of  glucose. 

Himms-Hagen  (28)  studied  the  effect  of  either  cold  or  warm 
exposure  on  blood  glucose  concentration  of  warm-acclimated  and  cold- 
acclimated  rats.  There  were  two  groups  of  white  rats:  one  group  made 
up  of  forty-three  rats  was  kept  at  room  temperature  (19  to  24  degrees  C) , 
and  the  other  group  made  up  of  twenty-seven  rats  was  kept  in  the  cold 
room  (2  to  4  degrees  C)  for  thirty- three  to  seventy-four  days.  Then, 
exposure  to  cold  for  one  hour  and  a  half  to  three  hours  slightly 
increased  (p<0.01)  blood  glucose  concentration  in  the  warm-acclimated 
rats.  The  plasma  glucose  concentration  being  883  uMole/100  ml  in 
warm  compared  to  964  uMole/100  ml  in  cold  conditions.  However,  there 
was  no  difference  in  the  cold-acclimated  rats,  whether  they  were  in 
the  warm  or  in  the  cold. 

The  results  of  Depocas  et  al.  (13)  are  quite  similar.  They 
used  two  groups  of  male  Sprague-Dawley  rats,  one  maintained  at  30 
degrees  C  and  the  other  at  6  degrees  C  for  eight  weeks.  Then  each 
group  was  exposed  for  three  hours  at  30  degrees  C  and  at  6  degrees  C. 
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Exposure  of  warm-acclimated  rats  to  the  cold  environment  increased 
the  plasma  glucose  concentration  significantly  (p  <  0.05)  from  136  to 
161  mg/100  ml.  Transfer  of  cold-acclimated  rats  to  an  environment  at 
30  degrees  C  resulted  in  no  significant  change  in  glucose  concentration 
in  the  plasma. 

However,  with  human  subjects  during  exercise,  the  plasma  glucose 
pattern  seems  to  increase  in  heat.  Rowell  et  al.  (63)  exposed  eleven 
human  subjects,  aged  from  21  to  26  years,  to  heat  (46  to  48  degrees  C) . 

A  level  of  exercise  was  chosen  for  the  experiment  which  required  forty- 
two  to  fifty-six  per  cent  MVO^  and  a  H.R.  of  less  than  150  beats/min 
at  25  degrees  C.  Subjects  then  exercised  on  a  treadmill  at  3.5  mph  on 
grades  ranging  from  2.5  to  10%  depending  on  the  subjects'MVO^ . 

Arterial  glucose  concentration  rose  from  an  average  of  93  mg/100  ml 
at  rest  to  106  mg/100  ml  at  exhaustion. 

Fink  et  al.  (16)  studied  blood  glucose  concentration  during 
exercise  in  the  heat  and  cold.  Six  men,  aged  from  21  to  39  years, 
were  subjects.  The  experiments  were  conducted  in  a  chamber  maintained 
either  at  41  degrees  C  or  at  9  degrees  C.  Exercise  consisted  of 
three  fifteen  minute  cycling  bouts  at  seventy  to  eighty-five  per  cent 
of  the  subject’s  aerobic  capacity,  with  a  ten  minute  period  between 
each  bout.  In  the  41  degrees  C  environment,  plasma  glucose  was 
80  mg/100  ml  at  rest  and  significantly  (p<0.05)  increased  to  87,  95 
and  91  mg/100  ml  respectively  after  the  first,  second  and  third  fifteen 
minute  cycling  bouts.  In  the  cold  however,  serum  glucose  showed  a 
small  decline  (p<0.05).  The  value  at  rest  was  81  mg/100  ml  and 
76,  78  and  76  mg/100  ml  respectively  after  the  three  exercise  periods. 
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2.  Free  Fatty  Acid  (FFA) 

Alexander  et  al .  (1)  exposed  six  lambs  to  a  warm  environment 
(29  degrees  C)  for  one  hour  and,  to  a  cold  environment  (-5  to  -15 
degrees  C)  for  the  next  hour.  Although  changes  in  the  FFA  concentration 
showed  considerable  variability,  the  concentration  clearly  increased 
when  the  animals  were  exposed  to  cold.  In  the  warm  environment,  FFA 
concentration  was  stable  around  0.6  mEq/L  for  the  whole  hour  of 
exposure,  whereas  it  increased  over  1.00  mEq/L  when  exposed  to  cold. 

Quite  similar  results  were  found  by  Paul  et  al.  (55,  56). 

Free  fatty  acid  concentration  was  studied  in  five  dogs  in  the  basal 
state  at  22  degrees  C  and  during  cold  exposure  at  4  to  5  degrees  C. 

The  experiment  consisted  in  keeping  dogs  at  rest  for  two  hours  at 
22  degrees  C.  Then  the  room  temperature  was  decreased  over  a  period 
of  sixty  to  ninety  minutes  to  a  new  level  of  4  to  5  degrees  C  which 
was  maintained  for  an  additional  ninety  to  one  hundred  twenty  minutes. 
Under  the  temperature  of  22  degrees  C  the  plasma  FFA  concentration 
was  0.605  uEq/ml.  It  increased  to  1.018  uEq/ml  during  acute  cold 
exposure . 

Exposure  to  cold,  with  human  subjects  at  rest,  results  in 
the  same  FFA  pattern.  Hanson  et  al.  (24)  exposed  four  subjects  at 
rest  to  0  degrees  C  for  ninety  minutes  followed  by  a  recovery  period 
of  four  hours  at  25  degrees  C.  The  results  showed  that,  at  the  end 
of  the  ninety  minute  period,  the  cold  exposure  plasma  FFA  were 
significantly  (p<0.05)  higher.  The  over-all  pattern  of  increased 
FFA  levels  after  ninety  minutes  at  0  degrees  C  is  followed  by  a 
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steady  decline  in  the  recovery  period.  The  rest  value  of  630  uEq/L 
rose  to  950  uEq/L  after  exposure  to  cold. 

However,  exercise  under  exposure  to  cold  and  heat  environments 
appears  to  cause  no  significant  effect  on  FFA  levels.  Fink  et  al .  (16) 
found  that  although  FFA  showed  a  significant  (p<0.05)  increase  as  a 
result  of  exercise  there  was  no  difference  between  the  two  experimental 
conditions.  In  the  41  degrees  C  environment  plasma  FFA  was  0.29  mEq/L 
at  rest  and  significantly  increased  to  0.35,  0.40  and  0.39  mEq/L  levels 
respectively  after  the  first,  second  and  third  fifteen  minute  cycling 
bouts.  The  results  under  cold  exposure  are  quite  similar  since  plasma 
FFA  increased  from  0.29  mEq/L  to  the  values  of  0.31,  0.33  and  0.41 
mEq/L  after  the  three  exercise  bouts  respectively.  In  both  environments 
the  resting  value  was  0.29  mEq/L  and  rose  to  0.39  and  0.41  mEq/L  under 
heat  and  cold  environments  respectively. 

3.  Lactic  Acid 

The  effects  of  cold  exposure  of  animals  on  lactate  level 
were  studied  by  Alexander  et  al .  (1).  Lambs  were  held  in  a 
thermoneutrality  chamber  at  29  degrees  C  for  one  hour.  The  chamber 
was  then  cooled  to  between  -5  and  -15  degrees  C  and  lambs  exposed 
for  another  hour.  In  each  of  the  six  lambs,  the  concentration  of 
lactate  clearly  increased,  by  two  to  three  fold,  when  the  animals 
were  exposed  to  cold.  Under  thermoneutrality  at  29  degrees  C,  blood 
lactate  was  quite  stable  around  20  mg/100  ml.  This  blood  lactate 
concentration  increased  to  75  mg/100  ml  under  cold  exposure. 
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In  a  study  using  human  subjects,  Rowell  et  al.  (64)  found 
that  blood  lactate  concentration  was  slightly  higher  during  work  at 
48.9  degrees  C.  Seven  men  were  studied  during  exercise  under  heat 
stress.  Blood  lactate  at  25.6  degrees  C  was  compared  with  blood  lactate 
after  fifty  minutes  of  prolonged  treadmill  work  requiring  forty-one  to 
fifty-four  per  cent  MVO^  at  48.9  degrees  C. 

Claremont  et  al.  (10)  found  that  blood  lactate  concentration 
was  greater  during  exercise  in  heat  compared  to  cold.  Eight  healthy  male 
volunteers  exercised  on  a  bicycle  ergometer  on  two  separate  occasions. 

The  exercise  work  load  required  fifty- two  to  fifty-nine  per  cent  of  the 
sub jects 'MVO^  and  had  to  be  maintained  for  thirty  minutes.  On  one 
occasion  ambient  condition  was  34  degrees  C  and  on  the  other  occasion 
it  was  0  degrees  C.  In  the  heat  blood  lactate  level  was  35.9  mg/100  ml 
whereas  it  was  26.5  mg/100  ml  at  0  degrees  C. 

Fink  et  al .  (16)  found  similar  results.  Blood  lactate 
accumulation  was  roughly  twice  as  great  during  the  heat  experiment  as 
that  measured  during  exercise  in  the  9  degrees  C  environment.  These 
differences  were  found  to  be  significant  beyond  the  0.01  level  of 
confidence.  The  highest  blood  lactate  concentration  was  around 
50  mg/100  ml  during  exercise  in  the  heat  whereas  it  was  around 
27  mg/100  ml  under  cold  environment. 

4.  Oxygen  Consumption  (VO^) 

Acute  cold  exposure  experiments  have  been  conducted  on  normal 
dogs  at  rest  (55,  56,  57).  Paul  et  al.  (55,  56)  measured  the  effect 
of  exposure  to  cold  on  V02.  In  their  experimental  procedure,  dogs  were 
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first  allowed  a  rest  control  period  of  two  hours  at  22  degrees  C. 

This  was  followed  by  an  exposure  to  cold  at  4  to  5  degrees  C  for  an 
additional  two  hours.  The  oxygen  consumption  per  kilogram  was 
6.97  ml/kg/min  at  22  degrees  C  and  it  increased  to  10.04  ml/kg/min 
under  4  to  5  degrees  C  cold  exposure.  Those  results  were  significantly 
different  at  the  0.001  level. 

Pernod  et  al.  (57)  exposed  fifteen  dogs  to  cold  ambient 
temperature  (-25  degrees  C) .  They  were  exposed  at  rest  for  a  four 
hour  period.  The  data  used  for  the  calculations  was  obtained  during 
the  last  ninety  minutes  experimental  period.  Oxygen  consumption  rose 
from  5.5  ml/kg/min  up  to  40  ml/kg/min. 

The  effect  of  exposure  to  heat  in  humans,  in  a  resting  state, 
was  studied  by  Consolazio  et  al.  (11).  The  oxygen  consumption  of  seven 
men,  between  the  ages  of  19  and  25,  was  measured  at  rest  at  three 
different  levels  of  room  temperature:  21.2,  29.4  and  37.7  degrees  C. 

In  this  rest  period,  VO^  was  0.273,  0.282,  and  0.304  L/min  at  21.2, 

29.4  and  37.7  degrees  C,  respectively.  No  significant  difference  was 
obtained  in  VO^  between  the  21.2  and  29.4  degrees  C  temperatures. 

However,  the  VO^  at  37.7  degrees  C  was  significantly  higher. 

In  the  same  study  they  measured  the  effect  of  exercise  under 
the  same  environmental  temperatures  on  VO^.  There  were  two  levels  of 
exercise  work  load:  a  fairly  heavy  work  on  the  bicycle  ergometer  for  fifty 
minutes  requiring  between  1.2  and  1.6  L/min  and,  another  period  of 
moderate  exercise  for  fifty  minutes  requiring  between  0.6  and  0.9  L/min. 

The  oxygen  consumption  averaged  0.521,  0.525,  and  0.590  L/min  for  the 
moderate  work;  and  1.422,  1.404,  and  1.570  L/min  of  oxygen  were  used 
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for  heavy  work,  for  the  21.2,  29.4,  and  37.7  degrees  C  test  periods, 
respectively.  Values  for  the  37.7  degrees  C  phase  were  significantly 
higher  than  those  for  the  21.2  and  29.4  degrees  C  phases. 

However,  William  et  al .  (76)  found  that  exercise  under  heat 
conditions  reduced  Three  subjects  acclimatized  to  severe  heat 

pedaled  at  the  determined  load  for  different  periods  of  time. 

Comparisons  of  oxygen  intake  values  in  comfortable  (21  degrees  C)  and 
in  heat  (36  degrees  C)  conditions  at  levels  of  work  less  than  the 
maximum  were  significantly  (p  <  0.05)  different.  Oxygen  intake  was 
significantly  lower  in  hot  than  in  comfortable  conditions  over  quite 
a  wide  range  of  work  rates  in  all  three  subjects. 

The  results  of  Brouha  et  al.  (6)  are  in  agreement  with  the 
previous  finding.  Eleven  subjects  performed  in  their  experiments. 

The  work  consisted  of  pedaling  a  bicycle  ergometer  for  thirty-four 
minutes:  first  at  a  submaximal  work  rate  for  thirty  minutes,  then 

without  interruption  at  a  maximal  work  rate  for  four  minutes.  The 
three  environmental  conditions  were  25,  32.2  (humid),  and  37.2  (dry) 
degrees  C.  The  pre-exercise  VO^  levels  were  0.262,  0.274,  and 
0.254  L/min  at  25,  32.2,  and  37.2  degrees  C,  respectively.  Then  at 
the  end  of  heavy  load  pedaling,  VO^  values  averaged  1.882,  1.776,  and 
1.611  L/min,  respectively.  The  results  at  37.2  degrees  C  were 
significantly  (p  <0.01)  lower  than  those  of  the  two  other  temperatures. 

In  an  attempt  to  determine  whether  VO^  is  increased  or 
decreased  in  hyperthermic  exercising  men,  Rowell  et  al.  (64)  measured 
VO^  in  fifty-four  men  under  six  different  environmental  conditions  over 
a  wide  range  of  work  intensities  and  durations.  In  each  study  the  speed 
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and  grade  of  the  treadmill  were  set  to  provide  the  desired  level  of 

•  • 

VC>2  in  terms  of  percentage  of  MVO^.  The  results  revealed  no  significant 
effect  of  elevated  temperature  on  VO^. 

Likewise  Pandolf  et  al.  (51)  tested  four  subjects  at  24  and 
45  degrees  C.  Oxygen  consumption  was  determined  during  intermittent 
and  prolonged  exercise  on  a  treadmill.  The  intermittent  testing 
sessions  consisted  of  eight  cycles  of  ten  minutes  exercise  and  five 
minutes  recovery.  All  subjects  walked  at  3.5  mph  at  a  7%  to  9%  grade 
which  yielded  approximately  fifty  per  cent  of  their  MVO^.  Prolonged 
exercise  was  conducted  continuously  for  ninety  minutes.  The  time  course 
of  the  oxygen  uptake  during  the  first  and  the  eighth  exercise-rest 
cycles  of  the  two  hours  intermittent  exercise  in  both  neutral  and  hot 
ambient  environments  was  practically  the  same.  Also,  VO^  obtained 
throughout  the  ninety  minutes  of  prolonged  exercise  was  the  same  for 
the  neutral  and  the  hot-dry  environment. 

In  comparing  the  effect  of  cold  (9  degrees  C)  and  heat 
(41  degrees  C)  environmental  stress  on  VO^  during  exercise,  Fink  et  al. 
(16)  conducted  experiments  on  six  subjects.  Exercise  consisted  of 
three  fifteen  minute  cycling  bouts  at  seventy  to  eighty-five  per  cent 
MVC>2,  with  ten  minutes  rest  between  each.  When  compared  with  cold  data, 
the  results  showed  a  significant  (p<0.05)  increase  in  V02  during 
exercise  in  the  heat.  At  the  end  of  each  of  the  three  fifteen  minute 
cycling  bouts,  the  V02  was  around  2.25  L/min  at  9  degrees  C  and  around 
2.6  L/min  under  heat  at  41  degrees  C. 

However,  Claremont  et  al.  (10)  obtained  contrary  results. 

Eight  subjects  exercised  on  a  bicycle  ergometer  for  one  half  to  one  hour 
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at  loads  demanding  fifty- two  to  fifty-nine  per  cent  MVC^ ,  once  at 
0  degrees  C  and  once  at  35  degrees  C.  Despite  identical  ergometer  load 
setting  in  both  environments,  a  significant  (p <  0.01)  higher  VO^  was 
observed  during  cycling  in  the  cold.  Mean  values  were  26.6  ml/kg/min 
in  the  heat  and  29.7  ml/kg/min  in  the  cold. 

5.  Minute  Ventilation  (Ve) 

The  effect  of  environmental  temperature  on  respiration  has 
been  examined  on  pigs  by  Ingram  et  al .  (35)  and  on  sheep  by  Joyce  et  al. 
(41). 

Ingram  et  al .  (35)  used  eighteen  pigs  in  their  experiments. 
When  observations  were  made  on  pigs  exposed  to  a  temperature  below  30 
degrees  C,  the  animal  was  placed  in  the  room  for  one  hour  before 
measurements  were  taken.  At  higher  ambient  temperatures,  measurements 
were  made  as  soon  as  the  animal  was  settled  in  the  stall. 

Mean  minute  volume  increased  from  9  to  14  L/min  in  all 

animals  exposed  to  temperatures  between  0  and  25  degrees  C  as  the 
temperature  fell.  Statistical  analysis  revealed  that  the  correlation 
between  ambient  temperature  and  minute  volume  was  significant  (p<  0.001). 

Minute  volume  also  increased  from  an  average  of  10  to  30  L/min 
when  pigs  were  exposed  to  ambient  temperatures  of  45  degrees  C  (dry  bulb) 
and  25  degrees  C  (wet  bulb) .  Minute  volume  increased  with  the  rise  in 
body  temperature. 

Joyce  et  al.  (41)  investigation  on  sheep  resulted  in 
similar  results.  They  found  that  pulmonary  ventilation  increases  at 
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both  temperature  extremes. 

It  seems  that  the  effect  of  environmental  temperatures  during 
exercise  has  been  investigated  only  under  normal  and  heat  conditions. 
Miller  et  al .  (49)  measured  the  effect  of  environmental  temperatures 
during  exercise  on  Ve  using  four  men  partially  acclimated  to  heat.  The 
exercise  consisted  in  a  twelve  minute  progressive  submaximal  exercise  on  a 
bicycle  ergometer.  The  subject  was  first  exposed  to  the  temperature 
condition,  at  rest  for  one  hour,  before  moving  across  the  cycle  where 
he  sat  at  rest  for  a  further  10  min.  He  then  commenced  the  twelve  minute 
exercise  at  a  pre-determined  work  load.  The  power  output  was  raised 
from  the  initial  by  10  W/min.  This  procedure  was  designated  to  ensure 
that  the  subject  would  reach  about  70%  of  his  peak  performance  during 
the  final  minute. 

The  results  indicated  that  the  effects  of  variation  in 
dry  bulb  temperatures  between  21  and  35  degrees  C  (50-65%  relative 
humidity)  increased  minute  ventilation.  This  increase  was  approximately 
linear  and  statistically  significant  (p <  0.001)  with  air  temperature. 

It  amounted  an  average  0.4%  for  each  degree  rise  in  dry  bulb  temperature. 

Pandolf  et  al  (51)  studied  Ve  during  intermittent  and 

•  • 

prolonged  exercise  on  a  treadmill.  As  they  found  for  VO^,  Ve  at  24 
degrees  C  did  not  differ  in  the  heat  at  45  degrees  C  (dry  bulb) . 

Minute  ventilation  values  that  were  obtained  throughout  intermittent  or 
continuous  exercise  were  not  significantly  different  from  the  neutral 
and  the  hot-dry  environments. 

In  his  experimental  protocol,  Brouha  et  al .  (6)  tested  the 
effect  of  dry  and  warm  environmental  heat  on  Ve.  After  an  exercise  period 


■ 


-/• 


. 

■ 

•  ■ 

' 

•1 

. 


25 


of  34  minutes  (30  min.  submaximal  work  rate  and  4  min.  maximal  work 
rate),  the  Ve  value  at  normal  room  temperature  (25  degrees  C,  43%  R.H.) 
was  not  significantly  different  from  the  Ve  at  warm-dry  conditions  (37.2 
degrees  C,  25%  R.H.).  However,  the  Ve  before  and  after  exercise  under 
warm-humid  conditions  (32.2  degrees  C,  82%  R.H.)  was  significantly 
(p<  0.05)  different  when  compared  to  normal  temperature.  This  change 
observed  was  an  increase  in  pulmonary  ventilation.  For  normal,  warm-dry 
and  warm-humid  temperatures,  the  average  pre-exercise  values  for  all 
eleven  subjects  were  7.73,  8.28  and  8.58  L/min,  respectively.  Similarly 
it  was  43.75,  42.11  and  47.38  L/min,  respectively  immediately  after 
exercise  period . 

6.  Heart  Rate  (H.R.) 

Frewin  et  al.  (17)  carried  out  experiments  on  five  human 
subjects  aged  18  to  42  years.  After  a  rest  period  of  thirty  minutes  in 
the  experimental  environment  (10  or  40  degrees  C)  H.R.  was  recorded. 
Average  H.R.  at  rest  was  82  beats/min  at  40  degrees  C  exposure  whereas 
it  was  66  beats/min  under  10  degrees  C  environmental  temperature  exposure. 

After  the  rest  period  exposure,  the  subjects  then  exercised 
on  a  treadmill,  walking  at  a  speed  of  3.5  mph  on  a  8.6%  grade  for  twenty 
minutes  in  the  experimental  environment  (10  or  40  degrees  C) .  Whereas 
H.R.  in  the  heat  was  higher,  results  showed  that  exercise  in  the  cold 
caused  H.R.  to  increase  by  the  same  order  of  magnitude  as  seen  at  40 
degrees  C.  Mean  H.R.  increased  from  82  to  119  beats/min  in  the  heat 
and  from  66  to  106  beats/min  in  cold  environment. 
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Claremont  et  al.  (10)  and  Fink  et  al .  (16)  found  similar 
results  and  concluded  that  H.R.  is  significantly  higher  during  exercise 
in  the  heat  compared  to  standard  and  cold  environments. 


CHAPTER  III 


METHODOLOGY 

Sample 

Six  male  volunteers,  24  to  34  years  of  age,  participated  in 
the  study.  They  were  physical  education  students  at  the  University  of 
Alberta . 

Testing  Conditions 

For  the  entire  experiment,  a  vertical  rod  was  fixed  to  the 
handle-bar  of  a  Monark  bicycle  ergometer,  in  order  to  support  the 
tubing  system  for  oxygen  consumption  measurement.  It  was  possible  for 
the  subject  to  move  the  vertical  rod  in  a  forward-backward  direction. 

At  the  signal  of  the  experimenter,  one  minute  before  the  gas  collection 
time,  the  subject  pulled  the  vertical  rod,  adjusted  the  mouth  piece 
and,  put  the  noseclip  on.  This  was  done  by  the  subject  himself  under 
supervision. 

The  gas  collection  was  done  by  the  simultaneous  work  of  two 
experimenters.  They  were  responsible  for  opening  and  closing  two 
different  valves.  One  which  permitted  inspired  air  to  pass  through 
the  volume  meter  and  the  other  which  permitted  expired  air  to  enter 
a  Douglas  bag. 

During  the  experimental  sessions  the  subjects  wore  only  shorts 
and  footwear. 
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Maximal  Oxygen  Consumption  Determination 

• 

Maximal  oxygen  consumption  (MVO^)  was  established  in  a  separate, 
preliminary  test  for  each  subject  (48).  Gas  collection  and  analysis 
equipment  included  a  Collins  Triple- J  valve,  Douglas  bags,  a  Beckman 
model  E-2  oxygen  analyser,  and  a  KK  Godart  capnograph  CO^  analyser. 
Calibration  of  the  apparatus  was  performed  before  use  for  each 
subject. 

The  test  consisted  in  having  the  subject  pedaling  on  a  Monark 
bicycle  ergometer.  A  ten  minute  warm-up  at  450  kpm/min  (50  rpm)  was 
followed  by  a  two  minute  rest  period.  The  subject  then  pedaled  at 
750  kpm/min  work  load  for  four  minutes.  After  a  five  minute  rest 
period  the  work  load  was  increased  by  150  kpm/min  and  the  subject 
pedaled  for  an  additional  four  minute  period.  Expired  air  for  the 

determination  of  VO^  was  collected  during  the  last  minute  of  each 
work  period.  The  procedure  was  continued  until  the  subject  was  not 

able  to  continue  or  until  the  oxygen  uptake,  from  one  work  period  to 

• 

another,  declined.  The  highest  VO^  for  the  subject  was  accepted  as 

•  • 

being  the  MVO  .  Seventy-five  per  cent  of  the  MVO  was  then  calculated 

z.  ** 

and  the  corresponding  work  load  was  used  by  the  subject  for  the  entire 
experiment. 

Experimental  Testing  Procedure 

The  experiment  consisted  of  twenty  minutes  of  exercise  on  the 
bicycle  ergometer  at  three  different  environmental  temperatures, 

(4°C ,  21°C  and  40°C) .  Each  subject  was  given  a  different  order  of 
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performing  the  three  treatments;  so  all  the  possible  permutations  were 

used  (Appendix  A) .  Immediately  before  each  experimental  session,  the 

room  temperature,  the  barometric  pressure  and  the  relative  humidity  were 

recorded.  The  subject  was  then  weighed  and  allowed  a  five  minute  rest 

period,  while  sitting  on  the  bicycle  ergometer  at  the  temperature  of  the 

experimental  treatment.  This  temperature  was  maintained  for  the  whole 

th  tti 

testing  session.  A  gas  collection  was  made  between  the  4  and  the  5 

til 

minute  of  rest  and,  a  blood  sample  was  taken  at  the  end  of  the  5  minute 

of  rest.  The  exercise  was  then  started  with  no  warm-up  at  the 

predetermined  work  load  (seventy-five  per  cent  of  the  subject's  MVO^) 
and  maintained  for  twenty  minutes  at  a  frequency  of  50  rpm. 

Throughout  the  experimental  session  heart  rate  was  recorded 
each  minute  with  a  Sanborn  500  Viso-Cardiette.  Additional  gas  samples 
were  taken  between  the  lSt  and  2n<^,  6^  and  7^,  and  the  19  and  20 
minutes  of  exercise.  The  collection  and  the  analysis  were  made  using 
the  procedure  and  apparatus  as  described  above.  Collection  of  expired 
air  involved  the  use  of  four  different  Douglas  bags  with  analysis  taking 
place  immediately  at  the  end  of  the  twenty  minutes  of  exercise. 

Three  additional  blood  samples  were  taken  at  the  end  of  the 

2nd #  7ths  and  20th  minutes  of  exercise.  The  blood  samples  were  taken 

alternating  arms  of  the  subject  by  a  laboratory  technician  at  the 
end  of  the  gas  collection  period.  The  tourniquet  was  put  in  place 
fifteen  seconds  before  the  end  of  the  gas  collection  period.  The 
subject  was  pedaling  when  the  blood  samples  were  taken.  They  were 
taken  from  the  antecubital  vein  with  a  10  ml  vacutainer  containing 
EDTA  (Ethylene  Diamine  Tetra  Acetate)  as  anticoagulant. 


, 


1  ft 


■ 


1-fli 


. 

' 


30 


The  blood  samples  were  then  immediately  prepared  to  later  undergo  the 
appropriate  biochemical  analysis.  The  blood  glucose  was  calorimetrically 
analyzed  (67)  at  the  end  of  the  twenty  minute  exercise  period,  the 
plasma  lactate  level  was  measured  (70)  the  day  after  the  experimental 
session  and  total  fatty  acids  were  chromatographically  analyzed  (75)  a 
month  later. 

Statistical  Procedure  and  Experimental  Design 

The  data  was  analysed  using  an  analysis  of  variance:  three- 
way  classification.  There  were  three  levels  of  temperature  treatment 
and  four  levels  of  time  treatment.  Each  subject  was  tested  under 
each  of  the  temperature  and  time  treatments.  The  simplest 
conceptualization  of  such  a  design  is  to  consider  subjects  as  an 
explicit  dimension  of  the  design;  then  each  cell  of  the  design  contains 
one  observation  (12).  There  is,  of  course,  no  estimate  of  pure 
experimental  error  since,  with  one  observation  per  cell,  there  is  no 
within  -  cell  variability  in  the  data.  Consequently,  there  is  no 
appropriate  denominator  to  form  ratios  for  any  of  the  effects  involving 
subjects.  The  appropriate  F  ratios  for  the  terms  from  the  basic 

factorial  design  are:  MSA/  ,  MSB/  ,  MS^  (Table  1). 

AS  BS  ABS 

Where  the  homogeneity  conditions  were  not  met,  a  conservative  testing 
procedure  (adjustment  of  degrees  of  freedom)  for  the  wi thin-subject 
effects  was  used  (12).  A  Tukey  (73)  test  was  then  calculated  to 
determine  the  precise  location  of  the  significant  differences  in  the 
study . 
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All  computations  were  made  with  the  IBM  360  computer  at  the 
University  of  Alberta,  In  all  statistical  analyses,  the  0.1,  0.05 
and  0.01  levels  of  significance  are  reported. 


THREE-WAY  ANOVA 

MODIFIED  STATISTIC  CALCULATION  FOR 
REPEATED  MEASURES  ON  SAME  SUBJECT 
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CHAPTER  IV 


RESULTS  AND  DISCUSSION 


Results 

The  statistical  analysis  summaries  of  the  Three-Way  Anova  on 
each  physiological  parameter  are  presented  in  Appendix  C.  In  Appendix 
D,  statistical  calculations  for  repeated  measures  on  the  same  subjects 
are  presented.  The  F  values  for  ’A?  main  effects  (Temperature),  ’B*  main 
effects  (Time)  and  ’A*B’  interaction  are  given.  For  the  purpose  of  the 
discussion,  three  levels  of  significance  were  retained,  that  is,  .01,  .05, 
and  .10. 

1.  Subjects 

Six  male  subjects,  24  to  34  years  of  age,  participated  in  this 
study.  They  were  physical  education  students  at  the  University  of  Alberta. 
In  Table  2,  the  physical  characteristics  of  the  subjects  involved  in  this 
experiment  are  presented.  These  values  were  measured  at  the  time  of  the 
MVO^  test. 

2.  Plasma  Glucose  Concentration 

The  values  of  the  plasma  glucose  level  during  exercise  under 
different  environmental  temperatures  are  presented  in  Table  3.  A 
different  pattern  occurred  in  cold  as  compared  to  hot  and  standard 
environments.  Under  cold  stress,  the  glucose  level  decreased 
progressively  from  87.0  to  76.5  mg/100  ml  of  plasma,  whereas  in  hot 
and  standard  conditions  it  decreased  until  the  seventh  minute  of 
exercise  and  then  progressively  increased  until  the  exercise  was 
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terminated  after  twenty  minutes.  However  there  were  no  significant 
differences  in  the  results  either  for  temperature  or  time  effects. 

3.  Plasma  Total  Fatty  Acid  Concentration 

There  was  no  significant  difference  in  plasma  total  fatty 
acid  concentration  in  time  or  under  the  various  temperature  conditions. 
The  results  are  presented  in  Table  4 .  Under  the  three  environmental 
temperature  conditions,  there  was  a  small  but  not  significant  tendency 
to  increase  from  rest  to  the  end  of  the  twenty  minute  cycling  exercise 
bout.  Although  higher  plasma  total  fatty  acid  concentrations  were 
found  in  heat  than  in  cold,  the  differences  were  not  statistically 
significant. 

The  results  of  per  cent  saturated  and  unsaturated  plasma  total 
fatty  acid  were  similar  to  those  of  total  fatty  acid.  Means  and 
standard  deviations  are  given  in  Tables  5  and  6  respectively  for 
saturated  and  unsaturated  fatty  acids. 

4.  Plasma  Lactic  Acid  Concentration 

The  plasma  lactic  acid  results  are  presented  in  Table  7 .  The 
lactate  level  increased  significantly  (p<0.01)  during  exercise  in  the 
three  environmental  temperatures.  As  shown  in  Figure  1  the  highest 
values  were  obtained  under  hot  and  cold  stresses  at  the  end  of  the 
twenty  minute  exercise  bout.  Plasma  lactate  levels  were  63.5  and 
64.7  mg/100  ml  respectively.  The  lactate  level  at  twenty  minutes  under 
standard  environment  was  slightly  lower  than  hot  and  cold  conditions. 

It  was  49.2  mg/100  ml  of  plasma.  However  no  significant  difference  was 
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Figure  1:  The  effect  of  acute  exercise  on  plasma  lactic  acid  con¬ 
centration  under  three  different  environmental  tem¬ 
peratures. 
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found  between  the  three  temperature  conditions.  From  Figure  1  it  also 
appears  that  no  steady  state  in  plasma  lactic  acid  concentration  was 
reached  during  exercise  under  the  three  temperature  conditions  as  the 
lactate  level  increased  progressively  through  the  exercise  sessions. 

5.  Oxygen  Consumption  (VO^) 

The  oxygen  consumption  results  are  presented  in  Table  8. 

Oxygen  consumption  increased  significantly  (p<  0.01)  during  exercise 
under  the  three  environmental  temperature  conditions.  As  shown  in 
Figure  2  there  was  a  fast  increment  from  rest  to  two  minutes  of  exercise 
and  in  the  following  minutes  a  steady  state  was  reached  and  maintained 
for  the  remaining  time  of  exercise.  At  rest,  for  cold,  standard  and 
hot  conditions  it  was  0.35,  0.25  and  0.32  L/min  respectively.  After 
two  minutes  of  exercise  values  of  2.01,  1.84  and  1.62  L/min  were 
recorded.  However  temperature  had  no  significant  effect  on  VO^  during 
exercise . 

Nevertheless  when  VO^  results  were  computed  per  kilogram  of 
body  weight  a  significant  (p<0.1)  difference  appears  between  cold 
results  and  the  two  other  temperatures.  The  means  of  V02/kg  under  cold 
were  uniformly  higher  as  shown  in  Table  9.  The  time  course  of  V02/kg 
during  exercise  under  the  three  temperatures  is  presented  in  Figure  3. 

The  highest  mean  value  under  cold  was  31.58  ml/min/kg  after  seven  minutes 
of  exercise.  For  standard  and  heat  conditions  it  was  26.62  and 
27.38  ml/min/kg  respectively  after  twenty  minutes  of  exercise. 
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Figure  2:  The  effect  of  acute  exercise  on  oxygen  consumption 
under  three  different  environmental  temperatures. 
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Figure  3:  The  effect  of  acute  exercise  on  oxygen  consumption 
per  kilogram  under  three  different  environmental  tem¬ 
peratures. 
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6.  Minute  Ventilation  (Ve) 

As  a  result  of  exercise,  there  was  a  significant  (p<0.01) 
change  in  Ve  between  pre-exercise  and  end  of  work  values.  This  is 
illustrated  in  Figure  4.  Minute  ventilation  increased  continuously 
through  the  exercise  sessions  and  no  steady  state  was  attained.  The 
pre-exercise  values  were  19.35,  18.92  and  16.77  L/min  respectively  for 
cold,  standard  and  hot  conditions.  The  corresponding  end  of  work  values 
were  85.15,  77.59  and  90.45  L/min  respectively.  These  values  are 
presented  in  Table  10.  However  temperature  had  no  significant  effect 
on  Ve  level  during  exercise.  Minute  ventilation  values  were  similar  at 
rest  and  at  the  second,  seventh  and  twentieth  minutes  of  exercise  under 
the  three  environmental  temperature  conditions. 

7.  Heart  Rate  (H.R.) 

As  illustrated  in  Figure  5,  H.R.  increased  drastically 
(p  <0.01)  through  exercise.  This  increase  was  very  rapid  between  rest 
and  two  minutes  of  exercise.  Under  the  three  environmental  temperatures 
it  was  between  80  to  100  beats/min  at  rest  and  it  increased  to  148  to 
157  beats/min  after  two  minutes.  After  the  twenty  minute  exercise 
sessions  it  was  171  to  191  beats/min  under  the  different  experimental 
conditions.  No  true  steady  state  was  attained.  Moreover,  H.R.  under 
hot  stress  was  significantly  (p<  0.05)  different  from  cold  and  standard 
conditions.  As  shown  in  Table  11,  the  highest  value  was  always  under 
hot  environment.  There  was  no  significant  difference  between  cold  and 
standard  environmental  conditions. 
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Figure  4:  The  effect  of  acute  exercise  on  ventilation  under  three 
different  environmental  temperatures. 
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Figure  5:  The  effect  of  acute  exercise  on  heart  rate  under  three 
different  environmental  temperatures. 
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Discussion 

The  aim  of  this  research  was  to  observe  how  some  physiological 
parameters  react  to  exercise  under  various  environmental  temperatures. 

In  this  regard  a  discussion  of  physiological  reactions  under  normal 
environment  will  follow.  These  normal  reactions  are  used  as  references 
for  comparison  with  hot  and  cold  reactions  which  will  be  discussed  later. 

1.  Reactions  Under  Normal  Environmental  Temperature 

The  liver  is  the  most  prominent  source  of  blood  glucose  (47) 
and  it  is  also  able  to  respond  rapidly  to  changes  of  glucose  concentration 
in  the  portal  vein.  When  the  portal  vein  blood  contains  a  high 
concentration  of  glucose,  the  liver  removes  glucose  from  the  blood  but, 
when  the  concentration  is  low,  the  liver  releases  glucose  into  the 
blood.  It  appears  that  the  rate  of  release  and  the  rate  of  peripheral 
removal  of  glucose  are  under  strict  hormonal  controls  (38,  53) .  In 
this  control,  insulin  plays  the  major  role  by  decreasing  blood  glucose 
levels  (38) . 

The  central  pathway  of  carbohydrate  catabolism  in  most  cells, 
is  the  conversion  of  glucose  to  pyruvate  catalyzed  by  the  glycolytic 
enzymes  under  aerobic  or  anaerobic  conditions.  A  stress  condition  such 
as  exercise  is  known  to  increase  muscle  cell  permeability  to  glucose, 
possibly  by  the  same  mechanism  as  insulin  (30,  60).  This  muscle  cell 
permeability  seems  to  cause  a  rapid  fall  in  the  level  of  blood  glucose 
(22,  34),  and  this  reduction  of  blood  glucose  concentration,  stimulates 
the  liver  to  release  glucose  into  the  blood.  From  this  increase  in 
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glucose  mobilization  the  turnover  rises  and  its  participation  in 
exercise  metabolism  also  increases.  Glucose  permeability,  and  therefore 
the  glucose  uptake,  seems  to  be  the  rate  limiting  factor  in  the  glucose 
supply  to  the  working  muscle. 

The  point  at  which  subjects  exhibit  a  changeover  from  a 
decrease  to  an  increase  in  blood  glucose  concentration  at  exhaustion 
appears  to  lie  between  seventy  and  eighty  per  cent  of  the  MVO^  as 
measured  on  the  bicycle  ergometer  (59) .  Thus  the  critical  experiments 
are  those  at/or  near  the  seventy-five  per  cent  MVO^  level. 

Mobilization  of  fatty  acids  is  known  to  occur  in  higher  animals 
in  response  to  both  psychological  and  physiological  stresses.  Such 
conditions  result  in  an  elevation  of  the  plasma  FFA  level  and  this 
implies  an  increased  mobilization  of  fatty  acids.  The  available  evidence 
strongly  suggests  that  this  mobilization  is  caused  directly  or  indirectly 
by  epinephrine,  norepinephrine,  growth  hormone,  and  hypoglycemia  (50). 
However  there  are  other  factors  which  may  inhibit  the  FFA  mobilization. 
Two  of  these  factors  are  an  increase  in  blood  lactic  acid  concentration 
and  a  reduction  in  blood  pH.  Those  regulatory  mechanisms  which  affect 
the  plasma  FFA  level  positively  or  negatively  work  the  same  way.  They 
do  so  by  controlling  the  rate  of  release  of  FFA  (lipolysis)  rather  than 
the  rate  of  uptake  (38) . 

During  light  exercise  as  long  as  the  oxygen  supply  is  adequate, 
the  FFA  release  increases  and  few  of  the  FFA  are  activated  for 
re_esterification.  Consequently  the  FFA  turnover  rate  and  the  FFA 
oxidation  rate  increase  with  the  aerobic  work  load  but,  the  percentage 
of  total  energy  derived  from  plasma  FFA  oxidation  will  be  the  same  (54). 
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When  work  is  performed  above  the  physical  capacity  of  the  individual, 
the  oxygen  supply  is  inadequate  and  anaerobic  glycolysis  occurs.  Thus 
the  lactic  acid  concentration  increases  and  the  energy  supply  derived 
from  FFA  cannot  cope  with  this  increased  work  load.  It  would  be  a  logical 
assumption  that  during  heavy  work,  when  the  blood  lactate  quickly  rises, 
the  elevated  lactate  level  itself  depresses  the  release  of  FFA  from  the 
adipose  tissue  (36,  37,  38).  The  re-esterification  prevails,  and  the 
turnover  rate  of  FFA  decreases  (38) . 

Exercise  is  also  known  to  alter  the  concentration  of  some 
plasma-lipids  (7,  16,  62).  Investigation  into  the  effect  of  exercise  on 
the  plasma-lipids  has  so  far  been  most  concerned  with  changes  in  the 
concentration  of  the  total  lipids 'fractions .  By  contrast,  the  fatty 
acids  contained  within  these  fractions  have  received  relatively  little 
attention.  However,  it  appears  possible  that  a  preferential  muscular 
oxidation  of  the  unsaturated  acids  takes  place.  As  with  the  FFA,  there 
seems  to  be  a  preferential  oxidation  of  unsaturated  components  in  the 
complex  lipids  (23,  32,  71). 

In  aerobic  conditions  lactate  concentration  does  not  increase 
because  an  equilibrium  exists  in  the  reaction  between  pyruvate  and  lactate. 
However  under  anaerobic  conditions,  as  during  vigorous  exercise,  there 
is  an  increase  in  lactate  concentration  to  very  high  values  (50).  Under 
anaerobic  conditions  the  major  proportion  of  the  pyruvic  acid  is  converted 
into  lactic  acid,  which  diffuses  readily  out  of  the  cells  into  the 
extracellular  fluids.  There  is  an  increased  lactate  concentration  in  the 
blood,  and  removal  of  lactate  by  the  liver  is  the  main  mechanism  by 
which  blood  lactate  can  return  to  a  normal  level. 
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It  is  well  known  that  VO^,  Ve  and  H.R.  increase  with  increasing 
work  loads  (3,  4,  74).  This  is  to  cope  with  the  energy  demand  of  muscular 
work. 

In  the  present  experiment  the  subjects  were  exercised  at 
seventy-five  per  cent  of  their  individual  MVO^  and  no  time  effects  on 
the  blood  glucose  concentration  were  demonstrated.  As  mentioned  by 
Pruett  (59) ,  the  MVO^  level  used  in  this  study  was  critical  for  a 
decrease  to  an  increase  in  blood  glucose  concentration. 

However  in  this  experiment  a  principal  orientation  was  to 
study  FFA  variations  during  exercise  under  thermal  stress.  But  by  a 
misleading  communication  total  fatty  acid  was  analysed  instead  of 
plasma  FFA.  Therefore  the  results  are  devoid  of  meaning  in  an  energy 
sources  point  of  view,  because  it  is  in  a  FFA  form  that  lipids  are  used 
for  muscular  work.  Moreover,  this  mistaken  analysis,  provides  most 
important  individual  fatty  acid  composition  in  the  total  plasma  fatty 
acid.  However,  this  knowledge  is  not  of  great  utility  because  one  does 
not  know  in  which  of  the  lipid  fractions  the  modification  may  or  may  not 
have  occured. 

Blood  lactate  increased  but  not  to  very  high  values.  We  can 
therefore  assume  that  most  of  the  energy  derived  was  from  aerobic  sources. 
The  steady  state  in  VO^  between  the  second  minute  and  the  end  of  the 
work  session  confirms  the  aerobic  conditions  which  prevail  at  seventy- 
five  per  cent  of  individual  MVO^ . 

Minute  ventilation  and  H.R.  increased  and  this  is  in  agreement 


with  previous  studies. 
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2.  Reactions  Under  Hot  and  Cold  Environmental  Temperatures 

Although  Rowell  et  al .  (63)  and  Fink  et  al .  (16)  found  a 
significant  increase  in  blood  glucose  level  at  elevated  environmental 
temperatures,  no  significant  increase  in  blood  glucose  concentration 
from  rest  to  end  of  work  under  the  three  environmental  temperatures  were 
found  in  the  present  study.  Because  Fink  et  al.  (16)  used  a  procedure 
which  is  very  similar,  a  comparaison  of  the  results  is  presented  in 
Table  12.  The  number  of  subjects  and  the  per  cent  individual  MVO^  were 
the  same;  the  temperature  and  duration  of  exercise  were  very  close. 

They  found  a  significant  (p <  0.05)  increase  in  the  heat  and  a 
statistically  significant  (p<0.05)  decrease  in  the  cold.  In  the 
present  research,  blood  glucose  level  was  stable  under  hot  condition  and 
decreased  (not  significantly)  under  cold.  As  shown  in  Table  3  the 
subjects ’standard  deviation  of  the  mean  in  the  present  study  showed  a 
great  variability  and  probably  accounted  for  this  non  significant 
difference. 

There  are  various  stimuli  which  may  affect  the  amount  of  FFA 
oxidized.  Ambient  temperature  is  one  of  those  stimuli  and  cold  has  been 
especially  studied.  During  a  period  of  stress  induced  by  acute  cold 
exposure,  FFA  mobilization  and  utilization  will  remain  unchanged  or 
slightly  increased  if  the  initial  level  is  high  prior  to  exposure. 
However,  if  the  initial  level  is  low,  mobilization  and  utilization  will 
drastically  increase  (56) . 

The  increases  in  FFA  levels  are  due  to  enhanced  lipolitic 
activity  potentiated  by  norepinephrine  (1,  5,  17,  24,  29,  56). 
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Rest  values  are  presented  between  parentheses. 
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Elevated  concentrations  of  FEA  in  the  plasma  certainly  provide  a 
suitable  substrate  for  increased  body  heat  production  during  acute  cold 
exposure  (24) .  Its  appears  that  the  principal,  but  not  the  only, 
substrate  utilized  during  cold  exposure  is  lipid.  Fink  et  al.  (16) 
found  no  significant  difference  in  the  FFA  level  during  exercise  under 
heat  and  cold  environment. 

In  studies  on  the  composition  of  the  plasma  lipids  it  became 
evident  that  accurate  data  concerning  the  range  and  normal  variations  of 
the  individuals ’plasma  fatty  acid  during  exercise  under  various 
temperatures  was  not  available. 

Once  more  the  present  results  are  really  different  and  can  not 
be  compared.  However  no  significant  difference  in  total  plasma  fatty 
acids  during  exercise  under  cold,  standard  and  heat  environments  were 
found  in  the  present  study.  Saturated  and  unsaturated  total  plasma 
fatty  acid  was  also  non  significant. 

Blood  lactate  concentration  increases  above  normal  in  lambs 
and  dogs  (1,  9),  during  cold-exposure.  The  increase  in  plasma  lactate 
in  cold-exposed  lambs  is  almost  due  to  stimulation  of  the  sympathetic 
system  by  cold  exposure,  since  it  is  mimicked  when  catecholamines  are 
infused  into  lambs  under  thermoneutral  conditions  (1).  However,  in  the 
range  of  growing  energy  output,  anaerobiosis  is  more  quickly  manifested 
by  muscular  exercise  than  by  shivering  reaction  in  the  dog  (9) . 

Blood  lactate  concentration  increases  during  work  in  the  heat 
(10,  16,  63,  64).  When  increases  do  occur,  hepatic  lactate  removal  can 
be  reduced  by  heat  stress  and/or  muscle  anaerobic  glycolysis  increase 
which  presumably  would  elevate  lactate  levels  by  a  mass  action  effect 


(10,  63). 
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In  the  present  experiment  no  significant  difference  in  plasma 
lactate  level  between  the  three  temperature  conditions  was  found. 
Considering  the  results  presented  in  Table  7  and  illustrated  in  Figure  1, 
one  can  note  a  non  significant  tendency  for  the  lactate  level  to  be  lower 
in  standard  conditions.  As  it  was  for  glucose,  subjects  reacted 
differently  to  thermal  stress  and  an  important  standard  deviation  in 
statistical  analysis  appeared.  When  the  results  in  Table  12  are  compared 
with  Fink  et  al  (16) ,  it  is  surprising  to  note  the  big  difference  in  the 
lactate  level  at  end  of  work  even  if  the  time  of  work  was  five  minutes 
longer  in  the  present  study.  They  found  a  significantly  (p<  0.01)  higher 
lactate  concentration  under  heat  environment  when  compared  with  a  cold 
lactate  level. 

Literature  is  divided  on  whether  VO^  increases  (11,  14), 
decreases  (6,  46,  76)  or  remains  unchanged  by  heat  stress  (69,  78). 
Multiple  measurements  of  VO^  under  different  environmental  conditions, 
over  a  wide  range  of  work  intensities  and  durations,  revealed  no 
significant  effect  of  elevated  temperature  on  VO^  (51,  64). 

These  results  may  be  explained  by  the  increased  mechanism 
efficiency  of  the  muscle  when  its  temperature  is  elevated.  If  true,  this 
increase  in  efficiency  appears  to  reduce  V02  by  an  amount  equal  to  or 
greater  than  the  increment  which  should  result  from  physical  changes 
within  the  cells  as  a  function  of  increased  body  temperature  (64). 

Even  if  resting  cold-exposure  increased  (55,  56,  57),  it 

is  not  clear  if  exercise  in  cold  environment  increased  or  decreased  V02 . 
Nevertheless,  the  results  of  the  present  study,  as  those  of  Claremont 
et  al .  (10)  reflect  a  tendency  to  measure  a  higher  V02  during  exercise 


■ 


- 


. 


60 


in  cold  conditions.  Again,  if  the  results  of  the  present  study  are 
compared  with  those  of  Fink  et  al.  (16)  it  can  be  noted  in  Table  12 
that  the  latter  recorded  a  significant  (p<  0.05)  increase  in  V02  under 
hot  temperature  whereas  a  significant  (p<  0.1)  increase  in  VC^/kg  under 
cold  environment  only  is  found  in  the  present  work.  As  mentioned  by 
Claremont  et  al.  (10)  the  catecholamine  calorigenic  effect  observed  by 

others  (5,  20)  during  exposure  to  cold  may  be  the  cause  for  this  higher 

• 

VO^  since  it  is  not  due  to  a  higher  work  load.  Claremont  et  al.  (10) 
and  Fink  et  al.  (16)  determined  if  there  was  a  difference  in  work  load 
under  different  environmental  temperatures  and  if  the  VO^  difference 
between  conditions  was  due  to  a  temperature  effect  on  the  bicycle 
resistance  mechanism.  They  found  no  significant  lifference  in  the  work 
load  under  cold  and  heat  conditions. 

Under  extreme  environmental  temperature  exposure,  Ve  increases. 

The  increase  in  minute  ventilation  at  low  ambient  temperature  may  be 
necessary  to  meet  the  demand  for  extra  oxygen  related  to  an  increase  in 
metabolism  (35,  41).  Under  heat  conditions  the  steady  increase  in  minute 

ventilation  rate  is  achieved  through  an  increase  in  frequency  of  breathing. 
This  is  because  animals  adjust  their  respiration  in  response  to  thermal 
stress  for  increase  in  evaporative  heat-loss  (35,  41).  However,  as  shown 
by  Brouha  et  al.  (6)  the  increase  in  Ve  during  exercise  under  heat  stress 
seem  to  be  related  to  an  elevated  degree  of  relative  humidity  (R.H.). 

The  present  results  are  in  agreement  with  the  preceding 
conclusions.  No  significant  temperature  effect  on  Ve  was  found.  The 
relative  humidity  in  the  testing  sessions  averaged  twenty  per  cent  in  the 
heat  (Appendix  B) . 
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The  increment  in  H.R.  is  greater  under  heat  stress  (52,  65, 

69).  It  appears  that  this  higher  H.R.  in  the  heat  may  help  to  maintain 
cardiac  output  whereas  skin  blood  flow  is  elevated  for  temperature 
regulation  (10,  76).  This  could  explain  the  subjects ' greater  sensation 
of  fatigue  in  the  heat  experiments. 

In  addition  to  air  temperature,  there  are,  of  course,  other 
factors  such  as  ambient  water  vapor  pressure,  air  movement,  radiant  heat 
load,  etc...,  which  influence  thermal  balance  (64).  In  the  present  work 
no  attempt  were  made  to  analyse  responses  with  respect  to  these  variables. 
Hot-dry  and  hot-humid  environments  represent  greater  thermal  stresses 
for  men  as  the  capacity  for  evaporative  cooling  in  the  environment 
conditions  becomes  reduced  (52,  66).  The  decrease  in  time  tolerance  may 
be  closely  associated  with  an  impaired  physical  capacity  for  evaporative 
cooling  (33,  52,  77).  As  the  ambient  vapor  pressure  increases  in  hot 
environments,  the  cooling  capacity  rapidly  decreases.  The  elevated 
ambient  vapor  pressure  impairs  evaporative  cooling  on  the  skin,  thus 
increasing  the  burden  on  the  circulatory  system  to  transport  heat  from 
the  central  core  to  the  skin  surface  to  maintain  a  normal  internal  body 
temperature  (52,  66). 

It  can  be  concluded,  as  reported  by  Rowell  et  al.  (63)  in  the 

presentation  of  their  results: 

"As  previously  demonstrated  for  central  circulatory 
and  thermal  responses,  individual  variability  in 
response  to  a  given  thermal  plus  exercise  stress 
was  large-even  when  work  required  similar  fractions 
of  maximal  oxygen  intake".  (63,  p.  478). 
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CHAPTER  V 


SUMMARY  AND  CONCLUSIONS 

The  effects  of  exercise  under  different  environmental 
temperatures  on  some  physiological  parameters  was  studied  using  a  group 
of  six  physical  education  students.  After  a  MVO^  test,  seventy-five 
per  cent  of  the  individual  aerobic  capacity  was  used  as  the  work  load 
for  the  study.  Each  subject  had  to  exercise  for  twenty  minutes  under 
three  different  environmental  temperatures  which  were  4°C,  21°C  and  40°C. 
The  parameters  measured  were  as  follows:  blood  glucose  concentration, 

plasma  total  fatty  acid  concentration,  per  cent  saturated  and  unsaturated 

•  • 

fatty  acids,  plasma  lactic  acid  level,  VC^ ,  Ve,  and  H.R. 

Even  though  the  mean  plasma  glucose  level  decreased  progressively 
in  cold  at  rest,  there  was  no  significant  exercise  effect.  There  was 
also  no  significant  difference  in  the  results  between  the  three 

environmental  temperature  conditions. 

Plasma  total  fatty  acid  concentrations  were  similar  under 
the  three  environmental  temperatures.  Also,  no  significant  exercise 
effects  were  recorded.  The  conclusions  concerning  plasma  saturated  or 
unsaturated  tota]  fatty  acids  were  the  same. 

The  plasma  lactic  acid  level  increased  significantly  (p <  0.01) 
during  exercise  in  the  three  environmental  temperatures  and  no  steady 
state  was  reached.  However,  no  significant  differences  were  found 
between  the  three  temperature  conditions. 

Oxygen  consumption  increased  significantly  (p <  0.01)  during 
exercise  under  the  three  environmental  temperature  conditions. 
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However  no  significant  differences  were  found  between  the  three 
temperatures.  Nevertheless,  when  VO^,  results  were  computed  per  kilogram 

of  body  weight,  a  significant  (p<  0.1)  difference  appeared  between  cold 
results  and  the  two  other  temperatures.  The  oxygen  consumption  per 
kilogram  was  elevated  under  cold  stress. 

Exercise  had  a  significant  (p<  0.01)  effect  on  the  Ve  level. 
However,  temperature  had  no  significant  effect  on  the  Ve  level  during 
exercise . 

Heart  rate  increased  drastically  (p<0.01)  through  exercise. 
Under  heat  stress,  H.R.  was  significantly  (p<0.05)  different  from  cold 
and  standard  conditions.  The  highest  values  were  always  recorded  in  the 
hot  environment. 

From  the  results  obtained,  it  is  very  difficult  to  generalize 
about  environmental  temperature  effects  during  exercise.  Subjects  seemed 
to  react  differently  to  exercise  plus  thermal  stress.  There  are  at 
least  three  factors  which  may  have  affected  the  results  of  this  research. 
First,  subjects  were  cold-acclimated  since  testing  sessions  were  held  in 
the  months  of  March  and  April,  which  is  early  in  the  springtime.  Second, 
the  subjects ' diets  were  not  controlled  even  though  the  subjects  were  asked 
to  present  themselves  at  each  session  in  a  fasting  state.  Third,  subjects 
were  tested  at  different  times  of  the  day  because  of  the  availability  of 
the  different  testing  chambers  (cold  and  hot) . 

For  future  research,  using  the  same  experimental  design,  it 
would  be  preferable  to  use  more  subjects  divided  into  three  different 
groups  with  each  group  being  tested  under  a  different  environmental 
temperature  condition.  Also,  a  measure  of  FFA  level  should  be  very 
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interesting  from  an  energy  utilization  point  of  view.  It  would  also  be 
important  to  know  the  proportion  of  various  saturated  and  unsaturated 
fatty  acids  which  composed  FFA  since  a  preferential  use  of  plasma 
unsaturated  fatty  acids  by  the  working  muscles  seemed  to  exist. 

Finally,  body  temperature  measurements  taken  during  the 
exercise  sessions  would  be  helpful  in  the  discussion  of  results. 
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